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Biochar for Removal of Pollutants from 
Aqueous Solutions
Hamid Trimech and Raffaella Ocone
School of Engineering and Physical Sciences, Heriot-Watt University, Edinburgh, UK
Anastasia Colomba and Franco Berruti
ICFAR, Western University, London, Ontario, Canada
Objectives
 Studying the kinetics of batch adsorption of aqueous 
NH3 on biochar
 Modelling of NH3 diffusion-adsorption on a char particle
Biochar applications
 Soil enhancement 
e.g. Terra Petra in Amazonia:
Water holding capacity
Retention of nutrients (NH4+, PO43- ) in soil
 Carbon capture
Longevity of biochar
Mean residence time up to 1000 years
 Pollutants removal
Porous material
NH3, Hg, organics form waste water
Biochar activation
 Biochar porosity insufficient for practical use
 Enhanced by activation processes
 Surface area can be increased by 50 times
 2 types of processes:
 Physical activation: gasification by oxidising agent at 
high temperature (e.g. CO2 and/or steam)
 Chemical activation: KOH, ZnCl2, H3PO4
Biochar for removal of NH3
JBR
The heating rate is set to 95C°/min.
A yield of char of 29%wt is achieved  ROC
ROC char is activated at 850C° for 1h with a CO2 flow rate of 200 ml/min CAC
CAC char is treated by a concentrated solution of HNO3 at 90C° for 2.5hr AAC
Experimental results
Adsorption kinetic models 
• Pseudo 1st order [Lagergren, 1898]
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Pseudo 1st order Pseudo 2nd order
Model 1st order 2nd order
Kinetic constant k1 0.043 min-1 0.11 g.mg-1min-1
Correlation factor R2 0.95 0.998
CAC
Pseudo 1st order Pseudo 2nd order
Model 1st order 2nd order
Kinetic constant k1 0.031 min-1 0.11 g.mg-1min-1
Correlation factor R2 0.93 0.996
AAC
Pseudo 1st order Pseudo 2nd order
Model 1st order 2nd order
Kinetic constant k1 0.098 min-1 0.36 g.mg-1min-1
Correlation factor R2 0.984 0.999
Results
• NH3 adsorption on olive residue char can be 




• Non linear pseudo 2nd order equation: 
1
Char ROC CAC AAC
Kinetic constant k2 (g/mg.min) 0.11 0.11 0.36
Adsorption capacity at equilibrium qe (mg/g) 1.3 1.5 3.6
Experiment vs 2nd order model



























qi(r,t): quantity of NH3 adsorbed (mg/g)




 No external resistance
 Porosity and diffusivity constant
• Diffusion equation:
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Char ROC CAC AAC
6.7 6.2 28.6




Pseudo 2nd order model
• Non linear pseudo 2nd order equation:
• Concentration in the bulk of the solution:
Concentration profiles in ROC char
Equilibrium reached after 2 hours 
Concentration profiles in CAC char
Equilibrium reached after 1.5 hours
Concentration profiles in AAC char
Model not suitable: equilibrium not reached after 2 hours 
Conclusions
 Batch adsorption of NH3 on olive residue char can be 
described by pseudo 2nd order model
 Modelling of diffusion-adsorption:






Surface area m2/g Char samples  Acidic surface groups μmol/g
ROC 214
CAC 160
AAC 1627
